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D

ATA FROM EPIDEMIOLOGIC

and molecular genetic analyses indicate that about 10% of
all epithelial ovarian carcinomas are associated with autosomal dominant genetic predisposition, conferred
primarily by inherited mutations in
BRCA1 or BRCA2.1 The BRCA genes function as classic tumor suppressors, with
loss of function of both alleles required
for tumorigenic progression. Evidence
exists supporting a role for the BRCA proteins in the cellular response to specific
forms of DNA damage,2,3 and possibly in
the transcriptional regulation of gene
expression.4-8 Tumor-suppressor defects
in specific pathways of DNA repair and
gene expression, vs general defective
growth regulation, may be predicted to
lead to malignancies with distinct molecular genetic, pathological, and clinical features. Studies on defining the somatic molecular9 and cytogenetic10 alterations present in BRCA-associated
ovarian cancers support this hypothesis.
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Context Most hereditary ovarian cancers are associated with germline mutations in
BRCA1 or BRCA2. Attempts to define the clinical significance of BRCA mutation status in ovarian cancer have produced conflicting results, especially regarding survival.
Objective To determine whether hereditary ovarian cancers have distinct clinical and
pathological features compared with sporadic (nonhereditary) ovarian cancers.
Design and Setting Retrospective cohort study of a consecutive series of 933 ovarian cancers diagnosed and treated at our institution, which is a comprehensive cancer
center as designated by the National Cancer Institute, over a 12-year period (December 1986 to August 1998).
Patients The study was restricted to patients of Jewish origin because of the ease of
BRCA1 and BRCA2 genotyping in this ethnic group. From the 189 patients who identified themselves as Jewish, 88 hereditary cases were identified with the presence of a
germline founder mutation in BRCA1 or BRCA2. The remaining 101 cases from the
same series not associated with a BRCA mutation and 2 additional groups (Gynecologic Oncology Group protocols 52 and 111) with ovarian cancer from clinical trials
(for the survival analysis) were included for comparison.
Main Outcome Measures Age at diagnosis, surgical stage, histologic cell type and
grade, and surgical outcome; and response to chemotherapy and survival for advancedstage (III and IV) cases.
Results Hereditary cancers were rarely diagnosed before age 40 years and were common after age 60 years, with mean age at diagnosis being significantly younger for
BRCA1- vs BRCA2-linked patients (54 vs 62 years; P= .04). Histology, grade, stage,
and success of cytoreductive surgery were similar for hereditary and sporadic cases.
The hereditary group had a longer disease-free interval following primary chemotherapy in comparison with the nonhereditary group, with a median time to recurrence of 14 months and 7 months, respectively (P,.001). Those with hereditary cancers had improved survival compared with the nonhereditary group (P=.004). For stage
III cancers, BRCA mutation status was an independent prognostic variable (P = .03).
Conclusions Although BRCA-associated hereditary ovarian cancers in this population
have surgical and pathological characteristics similar to those of sporadic cancers, advancedstage hereditary cancer patients survive longer than nonhereditary cancer patients. Age
penetrance is greater for BRCA1-linked than for BRCA2-linked cancers in this population.
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Studies on the clinical features of
hereditary ovarian cancer have produced inconsistent findings, especially
regarding survival. Ovarian cancers associated with germline BRCA1 mutations
were initially shown to have a significantly more favorable clinical course
than matched sporadic cancers,11 confirmed12 or contradicted13,14 by subsequent studies. In contrast, there is general agreement that BRCA1-associated
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ovarian cancers are typically of serous
histology, moderate to high grade,
advanced stage, and diagnosed at a
younger age compared with sporadic
ovarian cancers.11-14 Survival analysis in
this context is difficult to perform in an
unbiased fashion, as the relative ease of
performing genetic typing of living
patients vs that of deceased persons leads
to introduction of an ascertainment bias
favoring long-term survivors. Also, survival in advanced ovarian cancer is
affected by the quality and type of surgery and chemotherapy treatments
received, variables difficult to adequately
control for in retrospective comparative studies. The most unbiased approach
to this type of survival analysis requires
the genotyping of a consecutive series
of archival tissue specimens from a single
institution, controlling for surgical and
medical variables.
The purpose of this study was to test
the hypothesis that hereditary ovarian
cancers associated with germline mutations in BRCA1 or BRCA2 have distinct
clinical and pathological characteristics
compared with matched sporadic cases.
Such data could provide insights into the
biological function of BRCA proteins, the
mechanism through which BRCAlinked cancers arise, and potential therapeutic strategies targeting BRCAdeficient cancers. To avoid ascertainment
and treatment-related biases, the study
subjects were retrospectively ascertained through genotyping of a consecutive series of ovarian cancers from 1 institution, all having received similar
surgical and medical treatments.
METHODS
Subjects

A consecutive series of 933 cases of invasive epithelial ovarian carcinoma diagnosed and treated at this institution
(a comprehensive cancer center as designated by the National Cancer Institute) from December 1986 to August
1998 were studied. Of these, for 189 patients, a religious preference of Jewish
was indicated in the medical record. The
study was restricted to patients of Jewish origin because of the relative ease of
BRCA1 and BRCA2 genotyping as a re-

sult of the existence of 3 common
founder (ancient) mutations in this ethnic group (see below), and the relatively large fraction of ovarian cancer
cases that are linked to BRCA in the Ashkenazim (45%-48%).15,16 Archival pathological tissue specimens were accessioned from hospital tissue banks for
each of the 189 cases. Clinical and pathological information, including age at diagnosis, date of primary surgery, residual disease following primary surgery
(optimal or suboptimal), surgical stage,
histologic cell type and grade, time to recurrence following chemotherapy, and
clinical status at last follow-up were abstracted from hospital records. Tissue
specimens and associated information
were assigned a unique identifying number and made anonymous according to
a protocol approved by the institutional review board of the Memorial
Sloan-Kettering Cancer Center. All cases
were genotyped, yielding 88 cases of
BRCA-linked hereditary ovarian cancer and 101 cases without a BRCA mutation.
For survival analysis, 2 additional
comparison groups from clinical trials
were compared with our institutional
comparison group. The first group consisted of 349 patients with stage III ovarian carcinoma and optimal cytoreductive surgery enrolled in both arms of
Gynecologic Oncology Group protocol 52, a randomized trial of cisplatin and
cyclophosphamide with or without
doxorubicin.17 The second group consisted of 386 patients with stage III or
stage IV ovarian carcinoma and suboptimal cytoreductive surgery enrolled in
both arms of Gynecologic Oncology
Group protocol 111, a randomized trial
of cisplatin with cyclophosphamide or
paclitaxel.18 Raw data for survival in
these 2 clinical trials were provided by
the Gynecologic Oncology Group Statistical Office (Buffalo, NY).
Genotyping

Genomic DNA was isolated from archival tissue specimens using standard protocols.19 All cases were analyzed for the presence of 3 BRCA
founder mutations common in the Ash-
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kenazi Jewish population, 185delAG
and 5382insC in BRCA1, and 6174delT
in BRCA2.20-22 Polymerase chain reaction products containing each mutation were generated with the primers 59-TCTGCTCTTCGCGTTGAAGAA-39 and 59-CACTCTTGTGCTGACTTACCA-39 for BRCA1
185delAG (90–base pair [bp] product); 59-CAGCATGATTTTGAAGTCAG-39 and 59-AGGGAGCTTTACCTTTCTGTC-39 for BRCA1
5382insC (99-bp product); and 59GGGAAGCTTCATAAGTCAGTC-39
and 59-TTTGTAATGAAGCATCTGATACC-39 for BRCA2 6174delT
(97-bp product). Radiolabeled products were produced using a forward
primer end-labeled with [g-33P] adenosine triphosphate, then visualized by
denaturing polyacrylamide gel electrophoresis followed by autoradiography
as previously described.23 All mutations were confirmed by independent
polymerase chain reaction amplification of the corresponding DNA sample
and direct sequence analysis of the
product as described.9 All mutations
were confirmed as germline through
analysis of DNA from nontumor tissue from each case. Of the 88 ovarian
cancer cases associated with 1 of the
deleterious BRCA mutations, 67 were
linked to BRCA1 (51 with 185delAG
and 16 with 5382insC) and 21 to
BRCA2. The additional 101 ovarian cancer patients from this series who did not
carry 1 of these mutations comprised
the institutional comparison group.
Data and Statistical Analyses

A total of 189 cases of invasive epithelial ovarian cancer were identified from
this consecutive series of cases, which
were from a single institution; all patients
were self-described as Jewish and were
categorized according to presence (hereditary cases) or absence (sporadic
cases) of a germline BRCA mutation. The
patients in both groups received similar ovarian cancer therapies at this institution of primary cytoreductive surgery followed by chemotherapy. The
standard primary chemotherapeutic regimen for advanced-stage ovarian cancer
JAMA, May 3, 2000—Vol 283, No. 17
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at this institution is combination therapy,
involving cisplatin and cyclophosphamide prior to 1993 and cisplatin and
paclitaxel from 1993 to the present. Similar fractions of both groups were treated
during these periods (TABLE 1). The date
of initial surgery was used as the date of
diagnosis. It also was used to calculate
survival according to date of death or
most recent follow-up if still alive. Surgical stage and histologic grade and cell
type were categorized according to InterTable 1. Clinical and Pathological Features
of Ovarian Cancers*
BRCAAssociated Sporadic

Variable
No. of subjects
No. alive at time
of analysis
Length of follow-up,
mean (median), mo†
Age, mean (SD), y
Stage
I
II
III
IV
Grade
1
2
3
Histologic characteristics
Serous
Endometrioid
Clear cell
Mucinous
Other
Adenocarcinoma‡
Primary surgery
Optimal
Suboptimal
Chemotherapy
Cisplatin/
cyclophosphamide
Cisplatin/paclitaxel

88
39 (44)

101
37 (37)

41 (57)

37 (59)

56 (11)

63 (12)

3 (3)
4 (5)
68 (77)
13 (15)

0
1 (1)
86 (85)
14 (14)

0
18 (20)
70 (80)

6 (6)
16 (16)
79 (78)

60 (68)
12 (14)
2 (2)
0
2 (2)
12 (14)

61 (60)
13 (13)
7 (7)
5 (5)
3 (3)
12 (12)

51 (58)
37 (42)

45 (45)
56 (55)

49 (56)

66 (65)

39 (44)

35 (35)

*Values are expressed as number (percentage) unless otherwise indicated.
†Follow-up refers to time from date of initial surgery to date
of death or to most recent follow-up visit for persons
alive at time of analysis.
‡Not otherwise specified.

Table 2. Age at Diagnosis for BRCAAssociated and Sporadic Ovarian Cancers
Hereditary
Variable

BRCA1 BRCA2 Sporadic
(n = 67) (n = 21) (n = 101)
54 (11) 62 (10) 63 (12)

Age at diagnosis,
mean (SD), y
Range, y
31-79 44-77
No. (%) of subjects
by age group, y
#30
0
0
31-40
4 (6)
0
41-59
35 (53) 5 (24)
60-69
19 (28) 11 (52)
$70
9 (13) 5 (24)

25-87
1 (1)
2 (2)
26 (26)
38 (38)
34 (34)
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national Federation of Gynecology and
Obstetrics and World Health Organization standards and were obtained from
pathology reports and operative notes in
the medical record. In cases in which histologic grade or cell type was reported
as mixed, categorization was based on
the predominant pattern. For categorization of the results of primary cytoreductive surgery, a definition of optimal
was used for residual disease less than
2 cm, and suboptimal for residual disease greater than or equal to 2 cm. Recurrence-free interval was estimated as the
time from initiation of primary chemotherapy to the initiation of salvage chemotherapy, or to the date of last follow-up if disease-free.
Cumulative survival and recurrencefree interval probabilities (which were
analyzed for advanced-stage [III and IV]
cancers) were calculated by the KaplanMeier method.24 For univariate comparisons of survival between groups, statistical significance was assessed using
the Cox-Mantel test. 25 Multivariate
regression analyses were performed
using the Cox proportional hazards
model; this model was deemed appropriate after assessing the time dependence of the hazard ratio. For the multivariate analysis of advanced-stage
disease, stage III was considered separately from stage IV because of greater
clinical importance. Statistical significance of differences between groups in
age at diagnosis was determined via the
2-tailed t test, and of differences in the
extent of surgical cytoreduction by the
2-tailed x2 test. Differences associated
with P,.05 were considered statistically significant. Statistical analyses and
significance tests were performed with
the StatView (SAS Institute Inc, Cary,
NC) and S-PLUS (MathSoft Inc, Cambridge, Mass) computer programs.
RESULTS
Clinical and pathological characteristics of hereditary and sporadic ovarian
cancer groups are shown in Table 1. The
age range for hereditary cases was 31 to
79 years and 25 to 87 years for sporadic cases. The average age at diagnosis was significantly younger for the

BRCA-associated cases vs sporadic cases
(P,.001); a more detailed analysis of age
characteristics is presented in TABLE 2.
The mean age at diagnosis for BRCA1associated cancers was 8 years younger
than that for BRCA2-associated cancers (P=.04). For hereditary cancers, diagnosis before age 40 years was generally rare, and no cancers were seen in
women younger than 30 years. Diagnosis in women older than 60 years was
relatively common, and 16% of the hereditary cancers in this series were diagnosed at ages older than 70 years.
With regard to surgical and pathological features, the BRCA-associated
cases were not significantly different
from sporadic cases. Most tumors in this
series were of advanced stage, serous histology, and moderate to poor differentiation. There were no well-differentiated tumors or tumors of mucinous
histology seen in the hereditary group,
and optimal cytoreduction was more
common in the hereditary than in the
sporadic group, but these differences
were not statistically significant. Overall, the characteristics of both hereditary and sporadic cases in these clinical
and pathological categories were generally similar to those observed for all
invasive epithelial ovarian cancers.26
To determine whether the response
to primary chemotherapy was different
in BRCA-associated than in sporadic
cases, probabilities for recurrence-free
intervals between initial chemotherapy
and salvage therapy were calculated for
each patient with advanced-stage (III and
IV) cancer in both groups, with 81 in the
BRCA-associated group and 100 in the
sporadic group. The hereditary cases had
a significantly longer disease-free interval following initial chemotherapy than
the sporadic cases, with a median time
to recurrence of 14 months and 7 months,
respectively (P,.001) (FIGURE 1).
In analyses of cumulative survival
probabilities, advanced-stage BRCAassociated cases survived significantly
longer than advanced-stage sporadic
cases (FIGURE 2, A) (P=.004). When hereditary cases were analyzed separately, BRCA1-linked cases survived significantly longer than sporadic cases
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(Figure 2, B) (P=.008), and although
BRCA2-linked cases displayed a trend toward longer survival (Figure 2, C), this
difference did not achieve statistical significance (P=.09). With regard to the 2
distinct mutations within the BRCA1
group, there was no significant difference in survival between patients with
the 185delAG mutation vs those with the

Recurrence-Free Probability

Figure 1. Recurrence-Free Interval
Probabilities in Patients With Advanced-Stage
(III and IV) BRCA-Associated (n=81) and
Sporadic (n=100) Ovarian Cancers
1.0
BRCA-Associated
Sporadic

0.8
0.6

P <.001

0.4
0.2
0
0

20

40

60

80

100

Time, mo

Symbols represent time to most recent follow-up in
recurrence-free patients.

5382insC mutation (P=.40), although
there may be inadequate power to detect a difference. The number of patients in the hereditary and sporadic
groups alive at the time of analysis and
the mean and median lengths of follow-up for persons alive at analysis in
each group since time of initial surgery
are shown in Table 1.
To determine whether survival in our
institutional comparison group of sporadic cases was representative of that in
a larger ovarian cancer population, we
compared survival in the advancedstage cases in our sporadic group with
that in 2 groups of advanced-stage ovarian cancer clinical trial patients treated
with comparable surgical and chemotherapeutic regimens. One group consisted of patients with suboptimally cytoreduced, stage III and IV disease
(Gynecologic Oncology Group protocol 111) and the other consisted of
patients with optimally cytoreduced,
stage III disease (Gynecologic Oncology Group protocol 52). The institutional comparison group consisted of a

Figure 2. Cumulative Survival Probabilities in Patients With Advanced-Stage (III and IV)
BRCA-Associated and Sporadic Ovarian Cancers
1.0

Survival Probability

A

B

BRCA-Associated
Sporadic

0.8

BRCA1-Associated
Sporadic

combination of optimally and suboptimally cytoreduced patients and showed
a survival trend intermediate between
that of the 2 clinical trial groups that was
not significantly different from either
(Figure 2, D).
In univariate analyses of the clinical
and pathological factors studied, age at
diagnosis (as a continuous variable), extent of surgical cytoreduction (optimal vs suboptimal), and BRCA mutation status (mutation vs no mutation)
achieved statistical significance as prognostic variables for the 88 BRCAassociated and 101 sporadic cases and
were included in a multivariate analysis (TABLE 3). For stage III cases (81%
of the total patients), the presence of a
germline BRCA mutation was a significant independent prognostic variable
(P=.03), conferring a 25% decrease in
relative risk of death vs sporadic cases
after adjusting for age and extent of surgical cytoreduction. When including
patients with early stage and stage IV
disease, age and surgical cytoreduction were statistically significant as independent prognostic factors (P,.01
for both), with BRCA mutation status
of borderline significance (P=.05).
COMMENT
These data support the hypothesis that
BRCA-associated hereditary ovarian can-

0.6
P = .004

P = .008

0.4

Table 3. Multivariate Analysis for Predictors
of Survival
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Variable
Stage III cases (n = 154)*
BRCA mutation†
Age‡
Surgery§
All cases (n = 189)
BRCA mutation
Age
Surgery

BRCA-Associated
GOG 52
Sporadic
GOG 111

P = .09

0.4
0.2

Hazard
Ratio (95%
Confidence
Interval)
0.75 (0.58-0.97)
1.03 (1.01-1.05)
1.48 (1.18-1.86)

P
Value
.03
.01
.01

0.79 (0.63-1.00)
.05
1.03 (1.01-1.05) ,.01
1.37 (1.12-1.68) ,.01

*For the multivariate analysis of advanced-stage dis-
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A, All BRCA-linked cases (n=81) vs sporadic cases (n=100). B, BRCA1-linked cases (n = 61) vs sporadic cases
(n =100). C, BRCA2-linked cases (n=20) vs sporadic cases (n=100). D, All stage III and IV BRCA-linked cases
(n =81), stage III patients from Gynecologic Oncology Group (GOG) protocol 52 (n = 349), institutional stage
III and IV sporadic cases (n=100), and stage III and IV patients from GOG protocol 111 (n = 386). Symbols
represent time to most recent follow-up in surviving patients. Note variation in scale of x-axes.
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ease, stage III was considered separately from stage
IV because of greater clinical importance.
†Relative death rate of BRCA mutation carriers vs that of
noncarriers, after adjusting for age at diagnosis and outcome of primary surgery.
‡Relative increase in the death rate for each increasing
year of age at diagnosis adjusted for BRCA mutation
status and outcome of primary surgery.
§Relative death rate of those patients with suboptimal cytoreduction vs that of patients with optimal cytoreduction adjusted for BRCA mutation status and age at
diagnosis.
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cers have a distinct clinical behavior compared with sporadic ovarian cancers. We
used an ascertainment strategy designed
to avoid 2 common sources of bias in a
study of this type. First, by retrospective identification of all cases from a consecutive series of ovarian cancers, using
archival specimens, selection bias resulting from preferential inclusion of living
patients in the hereditary group was
avoided. Second, differences in outcome related to treatment were minimized by analysis of hereditary and sporadic ovarian cancer groups diagnosed
and treated at a single institution over
the same period.
Other strengths of the study design
include the analysis of Jewish patients
positive and negative for BRCA founder
mutations, which strengthens the reliability of hereditary vs sporadic categorization. All 3 mutations are clearly deleterious, and Jewish persons without 1
of these 3 mutations are unlikely to have
undetected BRCA mutations.27 Although
there have been a small number of case
reports of Jewish persons with BRCA variants other than the 3 founder mutations,28-30 the presence of a low fraction
of hereditary cases in the sporadic group
would only bias the data toward the null
hypothesis. The identification of BRCAassociated ovarian cancer cases without
regard to family or medical history provides several important insights into the
clinical manifestation of hereditary ovarian cancer not realized by ascertainment using traditional strategies (eg,
identification through early age at diagnosis, family history of breast or ovarian cancer, or prior breast cancer history).
Data related to age at diagnosis for
hereditary cases have important implications for genetic counseling and clinical decision making. The age penetrance for BRCA1 was significantly
greater than for BRCA2 (ie, earlier age at
diagnosis), consistent with estimates
derived from analyses of breast and ovarian cancer families, suggesting that ovarian cancer penetrance generally is higher
for BRCA1 than for BRCA2.31-34 In fact,
the mean age at diagnosis for BRCA2associated cancers was not significantly
different from that of the sporadic group
2264 JAMA, May 3, 2000—Vol 283, No. 17
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in this study, or from that of all invasive
ovarian cancers.26 The BRCA-associated ovarian cancers were not seen in
women younger than 30 years, and were
rarely diagnosed when women were
younger than 40 years. In contrast, the
hereditary cancers in this series were
commonly diagnosed between ages 60
and 69 years, 52% linked to BRCA2 and
28% to BRCA1. Sixteen percent of all
BRCA-associated cancers were diagnosed in women older than 70 years.
Regarding issues related to prophylactic oophorectomy for asymptomatic
BRCA heterozygotes, these data suggest
that a substantial period exists during
young adulthood when fertility may be
preserved, and that an increased risk of
ovarian cancer persists well after age 60
years, especially for BRCA2 carriers. Age
at diagnosis was found to be an independent prognostic factor by multivariate analysis in this study. While younger
age is recognized as a favorable prognostic variable in ovarian cancer, this association has traditionally been attributed
to the prevalence of borderline tumors,
earlier stages, more favorable histologic
features, and a higher frequency of optimal cytoreduction in younger patients.35
Other pathological and surgical characteristics of the BRCA-associated tumors
were not significantly different from
those of the institutional comparison
group or from all invasive epithelial
ovarian cancers generally. No welldifferentiated tumors were observed in
the BRCA group, and the absence of
mucinous tumors is consistent with prior
observations regarding the underrepresentation of this histologic cell type and
the prevalence of serous cancers in a
hereditary context.11,36-40 Nearly all of the
tumors were of advanced stage at the
time of diagnosis, although it is noteworthy that invasive stage I and stage II
cancers were observed in the BRCA
group, supporting the impression that
hereditary ovarian cancers have a natural history similar to that of sporadic cancers, and may be amenable to early diagnosis. The BRCA-associated cancers were
more likely than those in the institutional comparison group to be optimally cytoreduced at primary surgery,

although this difference was not statistically significant; however, all of the
advanced-stage cancers in the hereditary group presented with a tumor volume of greater than 2 cm, so that those
categorized as optimally cytoreduced
were rendered so surgically, rather than
as a result of low-volume disease (,2
cm) at presentation. Thus, the hereditary tumors do not appear unique in
terms of tumor volume or the extent of
disease at diagnosis. Not unexpected was
the finding that the extent of primary surgical cytoreduction, a well-established
prognostic factor for advanced-stage
ovarian cancer,28 was also an independent prognostic variable in this study.
Analysis of survival in advancedstage patients revealed that BRCAassociated cases survived significantly
longer than sporadic cases, supporting
prior reports of this phenomenon in
BRCA1-linked ovarian cancers that were
analyzed using a less-rigorous study design.11,12 By multivariate analysis, BRCA
mutation status was an independent predictor of survival for advanced-stage
ovarian cancers. Furthermore, our analyses suggest that this survival advantage
is likely to apply to both BRCA1-linked
and BRCA2-linked subgroups of hereditary ovarian cancer when considered
separately, although a larger series will
be required to strengthen the statistical
significance of the BRCA2-related survival association. Validity of these findings is strengthened by the representative behavior of our institutional
comparison group, which displayed survival characteristics similar to those seen
in 2 large clinical trials for advancedstage ovarian cancer. The prevalence of
BRCA mutations in persons in these trial
groups is unknown but could be as high
as 10%.1 Discrepancies in the results of
published studies of survival in BRCAassociated ovarian cancer may be related to the stage of disease compared.
In all 3 studies11,12 (including this article) reporting a survival advantage for
hereditary cancers, the analyses were
based on advanced-stage cases, while
those reporting no difference or a worse
prognosis for hereditary cancers13,14 examined cases without stratifying for
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stage. In contrast to our data, the literature on survival or disease recurrence in
BRCA-linked breast cancers has shown
no consistent difference from that in the
sporadic breast cancer population. However, given that BRCA-linked breast cancers clearly exhibit a number of histopathological and molecular genetic
features typically associated with a poorer
prognosis, such as high grade, high proliferative index, estrogen receptor negativity, aneuploidy, and somatic p53 inactivation,41 the fact that survival is
similar may suggest that response to chemotherapy is actually improved.
There are at least 2 possible explanations for the longer survival in BRCAassociated ovarian cancers. Although
these cancers present with surgical and
pathological characteristics remarkably similar to those of sporadic ovarian cancers, the underlying biological
properties of the hereditary tumors, as
yet undefined, may lead to a more indolent clinical behavior through, for example, a slower rate of cell division. Alternatively, the hereditary tumors may
respond more favorably to chemotherapy, a possibility consistent with our
finding that BRCA-associated cancers
display a longer recurrence-free interval following primary chemotherapy.
This scenario is also predicted by current knowledge pertaining to the likely
molecular function of BRCA proteins;
both are believed to participate in 1 or
more pathways of DNA damage recognition or repair, and their inactivation
would predictably result in a greater sensitivity of BRCA-deficient ovarian cancer cells to cytotoxic agents, which act
through the induction of damage. If
ovarian cancers associated with BRCA
mutations are in fact more susceptible
to therapeutic agents that induce a particular form of DNA damage, doublestrand breaks for example, then this patient population may prove even more
responsive to selected chemotherapeutic agents that induce that type of DNA
damage. The direct testing of this hypothesis in the laboratory is expected to
lead to further insights into the function of BRCA gene products and improved clinical strategies for the treat-

ment of this subset of patients with
advanced-stage ovarian cancer.
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